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CONSIDERATIONS of how parents and chicks are coupled by time, energy, and nutrition are crucial to an understanding of the evolution and ecological diversification of developmental and parental-care patterns among seabirds. Much more needs to be known about how growth energetics are related to parental investment and feeding ecology, particularly among large species that raise altricial young (see Dunn 1975a Dunn , b, 1980 Cooper 1978) . In this paper developmental changes in the energy composition and requirements of Northern Gannet (Sula bassanus) chicks are analyzed as a step toward a better understanding of life-history patterns in marine birds.
Northern Gannets are large, long-lived, fisheating seabirds that feed primarily inshore. They begin breeding at 5-7 yr and pair monogamously (Nelson 1978a, b) . Each year the female lays one small egg (3.6% adult mass), which has little yolk (15.5% egg mass, Ricklefs and Montevecchi 1979 respectively (Nelson 1978a, b) . Altricial young are cared for intensively by both parents at the nest for 13 weeks, after which chicks go to sea and parental care ends (Montevecchi and Porter 1980). Post-fledging mortality in the first year may be at least 60% (Nelson 1978a) .
In this study we examined the water, lipid, and nonlipid contents and energy densities of different-aged nestlings. The food consumption of captive chicks was monitored over the nestling period, and the organic composition and energy contents of different foods were determined. Data were integrated to construct a nestling energy budget. We also estimated the gannets' harvest of their major foods (mackerel, herring, capelin, squid) in Newfoundland waters.
METHODS
In 1978-1979, four Northern Gannet chicks were removed from nests within 10 days of hatching on Baccalieu Island (48?07'N, 52?47'W), Newfoundland and were raised in captivity. For 4 weeks they were fed primarily capelin (Mallotus villosus), thereafter mackerel (Scomber scombrus); these fish are the most common items fed to chicks of these ages on Baccalieu Island (Montevecchi and Porter 1980) . As in nature, neonates were fed frequent (up to 6 times per day), small meals, and older chicks were fed large April 1984] Energetics of Nestling Gannets 335 pieces of mackerel once or twice daily. Our food consumption data are based on two chicks who were taken in 1979 and whose food intakes were precisely monitored.
Protein levels in food samples were measured by the Kjeldahl method. Lipids were extracted with diethyl ether, and their levels were determined by subtracting lipid-free mass from pre-extracted mass. Amino-acid compositions of foods were analyzed with a Beckman Amino Acid Analyzer (Model No. 121M) with AA-10 resin and manobore flow systems following a 24-h HCI hydrolysate at 110?C.
Body composition of 14 chicks (10 killed at the nest and 4 that died after brief periods in captivity but whose masses were within the ranges of noncaptive chicks of the same ages), a hand-reared 24-week immature, and a breeding female collected on Baccalieu Island in 1977 and frozen for later analyses was determined. Thawed birds were dissected into several components, which were air-dried at 68-70?C to constant mass. all amino acids and ninhydrin positive substances, except hydroxyproline and hydroxylysine, were found to be higher in capelin, an important food for neonates, than in mackerel, the food most commonly fed older chicks. Capelin also contained substantially higher levels of most amino acids than did either squid or herring, foods also fed primarily to older chicks by parents (see Montevecchi and Porter 1980 Assuming 76.1% assimilation efficiency, we estimated that about 45,550 kJ were excreted, leaving 145,000 kJ of ME for growth, maintenance, temperature regulation, and activity. The chick's average weekly energy intake (and estimated ME) increased rapidly up to 6 weeks of age, after which intake appeared to decrease slightly and then level off (Fig. 5) with age, at least to 9 weeks (Fig. 4) . Dunn (1975b) found a similar trend in Double-crested Cormorants and, after reviewing other studies, suggested that the energy densities of altricial chicks generally increase from about 3 kJ/g at hatching to 8 kJ/g at fledging. The energy densities of gannet neonates (3.4 kJ/g) are similar to that proposed by Dunn for other altricial neonates, but large lipid deposits in older chicks yielded densities (up to 14 kJ/g) that greatly exceeded those of other altricial fledglings.
Estimates of energy accumulated in tissues were obtained by converting lipid and non-lipid dry material to kJ (Fig. 3) . Maintenance energy (activity and temperature regulation) was estimated as the difference between ME ( Table 2. Growth requirements increased rapidly to a plateau between 6,000 and 12,000 kJ/week during weeks 4 through 8. Maintenance requirements showed wide weekly fluctuations, which we could not incorporate into our calculations of growth energy, that were probably due to changes in the chick's lipid content. Approximately 44% of the nestling's ME is allocated for growth (including the cost of biosynthesis); perhaps 33% is accumulated in tissues before fledging.
From 3 weeks, nestlings store increasing amounts of lipid, which accounts for most of the growth energy requirement. Parents tended to feed older chicks richer food (mackerel) than they fed to younger chicks which are more commonly fed capelin, a food with a higher protein to lipid ratio (see Montevecchi and Porter 1980) . Subcutaneous fat reserves may be adaptive in the event of poor parental foraging which time they produce about 6,700 chicks (see Table 3 ). A substantial population of nonbreeders also occupies colony areas for about 5 months. These data are combined in Table 3 with energy intake estimates to yield an overall intake of 11.60 x 109 kJ of food. In Table 3 
